Tissue-specific or cell type-specific transcription of protein-coding genes is controlled by both 19 trans-regulatory elements (TREs) and cis-regulatory elements (CREs). However, it is 20 challenging to identify TREs and CREs, which are unknown for most genes. Here, we describe a 21 protocol for identifying two types of transcription-activating CREs-core promoters and 22 enhancers-of zebrafish photoreceptor type-specific genes. This protocol is composed of three 23 phases: bioinformatic prediction, experimental validation, and characterization of the CREs. To 24 better illustrate the principles and logic of this protocol, we exemplify it with the discovery of the 25 core promoter and enhancer of the mpp5b apical polarity gene (also known as ponli), whose red, 26 green, and blue (RGB) cone-specific transcription requires its enhancer, a member of the 27 rainbow enhancer family. While exemplified with an RGB cone-specific gene, this protocol is 28 general and can be used to identify the core promoters and enhancers of other protein-coding 29 genes. 30 31
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locate within an intron or downstream of the gene. This versatility of enhancer locations makes 152 them more challenging to identify than core promoters. The above-mentioned properties can be used to predict core promoters and enhancers with 173 bioinformatic tools via one or both of two strategies: The first strategy utilizes sequence 174 conservation among the CREs of coregulated but different genes in a single genome (Beer and The second strategy, namely the phylogenetic footprinting strategy (Tagle et al., 1988) , utilizes 183 sequence conservation among the CREs of the orthologous genes of multiple species (Das and 184 Dai, 2007) . Although independent of prior knowledge of co-transcription profiling as required 185 for the first strategy, the phylogenetic footprinting strategy can also run into problems when the 186 orthologous sequences are either too closely-related, which makes a global multiple alignment 187 uninformative, or too distantly-related, which could make it impossible to align conserved motifs 188 (Das and Dai, 2007). However, with the genomic sequences of more species becoming available, 189 the phylogenetic footprinting strategy becomes more and more practical. Thus, Phase I of this protocol takes the phylogenetic footprinting strategy to predict the core 192 promoter and enhancer of a zebrafish gene with web-based algorithms (Fig. 1 ). In the following, 193 we exemplify the procedures of such prediction with the mpp5b gene. we recommend trying all available non-zebrafish teleost genomes for the best outcomes. Please 209 note that teleost genomes used for evolutionary conservation analyses might have not been 210 updated.) Next, paste the entire amino acid sequence of the zebrafish Mpp5b protein (gene 211 accession number GU197553) in the query sequence box (please note that amino acid sequences 212 serve better than nucleotide sequences as queries for cross-species BLAT searches), then click on 213 the "submit" button to reveal two medaka genes to be identified, one on chromosome 24 with 214 higher matching scores than the other, on chromosome 20 (Fig 2A) . Then click on the "browser" 215 button of the gene with higher scores (i.e., the medaka ortholog of zebrafish mpp5b) to display 216 the medaka genomic region, which the mpp5b gene matches (Fig. 2B ). (Please note that the 217 amino acid query sequence of zebrafish Mpp5b is split into sections and matched only to the 218 coding regions of the predicted medaka mpp5b gene. The noncoding sequences of the medaka 219 mpp5b mRNA is not marked because medaka mpp5b has yet to be verified experimentally and to 220 be annotated as such.) For example, to estimate the TSS of the medaka mpp5b gene, whose full-length cDNA sequence 234 has not been published, we can utilize its EST sequences. Two sets of EST sequences are arbitrarily between 6 and 17 to perform a search. We recommend searching repeatedly with 283 different motif lengths because transcription factors bind to short motifs of different lengths and 284 MEME does not detect motifs outside the selected length ranges. Besides identifying conserved 285 motifs, MEME also determines the consensus sequences of the identified motifs, which can be 286 downloaded in the "Minimal MEME" format ( Fig. 2E , clicking on the horizontal arrows to 287 download) for later MAST and FIMO analyses as described below. on the "View" tab and then the "DNA" link) and then individual motifs identified by MEME in 305 the "Minimal MEME" format to perform the analysis. Figure 2F reveals the example results of 306 searching a region within the first intron of zebrafish mpp5b for a single motif, noting that three 307 occurrences of the motif were identified (red boxes). To increase the chance of identifying a 308 conserved noncoding region, we recommend first searching with highly conserved motifs to Through the above steps, candidate core promoters and enhancers are predicted in Phase I.
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Please keep in mind that prediction is not 100% accurate. Therefore, the predicted candidate core 334 promoters and enhancers need to be experimentally validated in Phase II of this protocol. are devised to test candidate enhancers at the three different locations ( Fig. 3D ). Of course, after 410 an enhancer has been validated, it would be interesting to assess how the alteration of its location 411 and orientation affects its transcriptional activities. Immuno-reactivity to photoreceptor type-specific antibodies or (Tables 1, the (Table 2) . The authors declare no competing financial interests. We thank Ms. Lynne Sunderman for 529 proofreading the manuscript. 
